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ABSTRACT : PURPOSE: To develop the combination roll having an outside layer which is less 

thermally deformed during use and is highly resistant to wear by constituting the roll to be 
used for rolling, etc., of steel products of an outside layer made of a cast iron contg. a hard 
metal carbide, an intermediate layer made of a high-carbon cast steel and an inside layer 
made of a graphite cast iron. 

CONSTITUTION: The roil for rolling the steel products is made of the combination 
structure, such as solid roll or sleeve-like roll consisting of the outside layer 1 , the 
intermediate layer 3 and the inside layer 2. The outside layer 1 of the roll is made of the 
wear resistant cast iron contg., by weight, 1 .0 to 3.0% C, 0.1 to 2.0% Si, 0.1 to 2.0% Mn, 
0.1 to 4.5% Ni, 3.0 to 10.0% Cr, 0.1 to 9.0% Mo, 1 .5 to 10.0% W, 0.5 to 10.0% Co and 3.0 
to 1 0.0% in total of one or two kinds of V and Nb. The intermediate layer 3 is made of the 
high-carbon cast steel contg. 1 .0 to 2.5% C, 0.2 to 3.0% Si, 0.2 to 1 .5% Mn, s4% all of 
Cr, Mo and Ni, further s1 2% in total of W, V and Nb and a small amt. of Co. The inside 
layer 2 is made of the flake graphite cast iron, spheroidal graphite cast iron or graphite 
steel. 
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*bi t+w»3 . *mms ttom2 turn 

C :1.0 -3.0 %, Si :0.1 —2.0 Mn : 
0.1 —2.0 %s N 1 : 0.1 —4.5 %. C t \ 3.0 —10.0 
%, M o : 0. 1 -9. 0 W : 1. 5 —10. 0*, V, N 
b :— &0>£ftT3.O —10. 03S, Co :0.5 - 

&&&&<DtiL Al, Ti, Z r 0.01-0. 50% CD 
f*J(D-lXttri^±, XEttScktfB :0.01-0.50%£ 
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C : 1.0 -3.0%, Si:0.1-2.0X, 
Mn:0.1 -2.0 %, N I : 0. 1 -4.5 %, 
Cr :3.0 -10.0%. Mo :0.1 -9.0 %, 
W : 1.5— 10.096. 

V, Nb :-!X»t:i©«ttT3.0 -10.0%, i0 
Co : 0.5 -10.0%, 

C : 1.0 -2.5%. Si:0.2~3.0%, 
Mn : 0.2 -1.5 %. N i : 4.0 %£*T, 
C r : 4.0 %£TF, Mo : 4.0 %ETF, 

W ,V, Nb :*&fm2%£CF* 
3Mff*s*Uf* ZMAVItC o * J:t«»Wlc Fe*6ft 
D, 

HMM2] *JWWMft«T»*Sn&^IBi:, f**V 

C :1.0 -3.0 %. SI : 0. 1 -2.0 %, 
Mn:0.1 -2.0 %. Ni :0.1 -4.5 %. 
C r : 3.0 -10.0%. Mo : 0.1 -9.0 %, 
W : 1.5 -10.0%, 

V, Nb : -mX\t~m<OUn^0 -10.0%, 30 
Co : 0.5 —10.0%. 

A 1 , Ti, Z r : #*0. 01-0. 50%<Dto<Z>—UXU^ 

C : 1.0 -2.5%. Si:0.2-3.0%. 
Mn :0.2 -1.5 %. Ni :4.0 %£TF, 
C r : 4.0 %ETF* Mo : 4.0 %£TF. 

W,V, Nb, Al, Ti, Z r : «gff-T?12%«T, 
SS^3&^S^e>?lAbfeCo^i;t;^®WtCFe^e^ 40 

0, 

[MM3] WJWW«»T»*^nfc^»fc* ^ 

C : 1.0 -3.0 %. Si: 0.1 -2.0 %, 
Mn :0.1 -2.0 %. Ni :0.1 -4.5 %. 
Cr : 3.0 -10.0%, Mo : 0.1 —9.0 %. 50 



W : 1.5 -10.0%, 

v, Nb :-mx\*^m<Dmwrv3.Q -10.0%, 

C o : 0. 5 —10.0%, B : 0. 01-0. 50%, 

gnB*K»t*. fc¥*sj£a*Mk%-e, 

C :1.0— 2.5%, Si :0.2-3.0%. 
Mn :0.2 -1.5 %, Ni :4.0 %£4T, 
Cr :4.0 %ETF, Mo :4.0 %£TF. 

W,V, Nb, B:*&fm2%STF, 
^B5^S^^®AU^Co^^SW^Fe^6ft 

0, 

C :1.0 -3.0 %, S i :0.1 -2.0 %, 
Mn : 0.1 —2.0 %, Ni :0.1 -4.5 %, 
Cr :3.0 —10.0%, Mo :0.1 —9.0 %, 
W :1.5— 10.0%, 

v, Nb : -mx\z=M<z>mm.o -10.0%, 

Co : 0.5 —10.0%, 

Al, Ti, Z r : 0.01-0. 50% CO W<Z>— 
B : 0.01—0.50%, 

C :1.0-2.5%, Si:0.2-3.0%. 

Mn :0.2 -1.5 %, Ni :4.0 %ECT, 

Cr :4.0 %GTF. Mo :4.0 %ETF. 

W ,V. Nb, A 1, T i, Z r, B : *gfrT12%£* 
T, 

0, 

[0 0 0 1] 
[0002] 

si a:^»2 £<DM\z*mm3 

[0 0 0 3] MBif>fflJil3 fWlll tI^S2 
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X. ^BS58- 30382 ^9861-16415 
{cra^^tlTV^ct^tC, Cr£l0-25%^bfci«* 

tmmtstix^z. 

[000 4] 

#*^IW&&ffli5^nA*$*K:Nb, V©-ixl^i 

[0 0 0 5] »»jKSIK:^tt^»«i^tt^^:«igtc 
A ens. «-&n-;p<D*»ra, $ti a? 

fet>coT, mm&mz#ti&^f$-&n<Dftm&mzit 

So 

[0 0 0 6] 

[»H&#fcr*fca<z>^ia *»w©«^n-^tt. 

trcferK m&UBR. teWMWMXT* 30 
C :1.0 -3.0 %, Si :0.1 -2.0 X. 
Mn :0.1 -2.0 %> NI :0.1 -4.5 %, 
Cr :3.0 —10.0%, Mo :0.1 —9.0 %, 
W : 1.5— 10. 0%, 

V, Nb :-aXt±nSOftthT3.0 -10.0%, 
Co : 0. 5 —10. 0%, 

*J:r«*»ttfc:Fe*&fcD, WC+WJlttC : 1. 

o -2.5 %ttvit^m&<omfcmtm& it 

£»ti>B*»C. Al, Ti, Zr : &*0.01-0. 50% CO 1*3 
£>— mx\t=m&±* X«&tXB : 0.01-0. 50% 

[0 0 0 7] 

[f£/fl] **WflS>*^D-^fc««^JB», Cr, M 
o. W, Nb, V, Fe^itXC^ffiS^^-UfeiSSS 

*WlJbU »W6tt35«3IW»K:rtlJi-r*. Z<01t&. 
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Sc&80%@#<h*<Tfc<£V>fci^ «ISfc'&&fc#*K: 

tt£&J93 *80BwH*aTJC»< T* C £&X$Zlt 

\zxr>^m^mmm^vx^ T^umm\^±v\z< 

[0 0 0 8] ^m^^^iHIC^D, Wi<hrt« 

03Sfitt^^Ki±l/O0, WI<B*£1100 < CEU:cDi« 

[0 0 0 9] Sfc, rt»£K-#M»8HK, JWJMMMk 
CDT?> «\r>£ft** lOOOOkg/aiBi 2 g#£rF£T* C £& 

[0 0 10] 

a. £o\ ^co^&«*r^T®«%T*So 

C : 1. 0 -3. 0 % 

«**-&«fl:«*»*rat*fc, Cr, Mo. V. N 

b, Wtjg^lTMCE Ma Cffl, Ma CS«CDR« 

ofcftte, i.o%«±coc%*t^s-cfeSo — 3.0 

% * us x x c t &atmmtfimt t.mzi&< 

AO. W^5s/^tt^fls-r*fc86, 3.0%J^Tif 
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Si :0.1 —2.0 % 
Mn : 0.1 —2.0 % 

Mntt«flS»MIU St^lTMnS^ 

a>s o.i%ig»^«JMWic^$nSo l^l, 2.o 

N i : 0. 1 —4. 5 % 

NlliiJIfCBftU S^^^JIiKa (CCT0) 

*5cttx^ia^3&»a (ttt0) 

£ ^fflliT? * * % CD ICO xn&to^j&awji 
4.5%£iBAT^W£tl*^ nm*-XTl^i b 

&mvx* mmm&im<tez>* o.i%Ni£U: 
T^xnM^^ 4oo-65o n&v0mm\zfr\?T<D 

C r : 3.0 —10.0% 

CrttFe, Mo, V. Nb. Wi:*l:C^tt, 

m#4>fc<> W«ffl:*»*^T?*fcV>. 10.0 
Mo : 0. 1 —9. 0 % 

MottFe, Cr, V, Nb. Wfc#KC £$&&lC*fr& 
Ut, itLTMr Ca £!, M» CM. Ma C^«^ 

ibUiksw*. Mo«wjrjt«UTi>*a£ittn?-e<D^ 

W : 1. 5 —10. 0% 

Wfci^EIKlFe, Cr, Mo, V. Nb<h^iCC^^ 

^je>T»i^^©[Si_btc^*r5o i. s%*mx\zmn 
<Dmm&&&nzzi:ifi-<!€?+ 10.0% zmx* 
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it*. £C9fc£l0.0%£*T 

V. N b : -aXfct^«<Z>»tm. 3 -10. 0% 

VfcWbtitieiiCFe, Cr. Mo, WtmzCt&B 

CC7>MC^^^«»$^I^ICtt^lC^-r 

\,\ L*>U ^m**no.o%<&^stiB«o«;T&s 

<fc:5. Z.<Dfttb. 10.0%£TF<h*r£o 
Co : 0.5 —10.0% 

#t5±T?^t^M**»4. co«cois;«^«i^"r 

0. 5%&±<B###&^?&*#* 10. 0%£j©AT&2ni 

0.5 -10.0%«h"rSo &£&<D*$fc*m«r8 

30 &<j^©«n^**«re#*. 

CO 0 1 11 *5i6^S«)Wl9i^«ft»^-hc0^dt 

p. sj4«»iD^r»«iicaA'r*^ 

£<D-?*»fcV«Mi:L<* P :0.2 %£TF, S :0.1 % 

1 , T 1 , Zr ©rtCD-SX^^±> XtefttfB* 

**rr* 

Al, Ti, Z r : &*0. 01-0.50% 
40 Al, Ti, Zr ttJ»*T»fc4**3y*bT, 

smiacomifflikic^^So o.oi%^T«s:co$!i^ 

«-h^T«&<, 0.50%^A.T^^n^t^ 
«E«r<h^oT^@U »*b<^ 0 ^ Al, Ti, 

zrn *&mx\z^£VTmmm&<o$m<t\z£zm 
m&&&m<nft#>\zmmzft2>*><Dx*>r), wcjk^x 

B : 0.01-0. 50% 
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«^CD<fc5^m^-h^Ttt^<. -;$F0. 5035 £j6BA* 
[0 0 1 2] ^IC*^6Klt^n-;KDrtS»fw^)^Ti» 

ttfttttttt (DC I tmD , (SGSiKE) 

««r*) t»itsn«:v»«i, jfltw 21000 

SS3rr*o *mmv> J r>>F&\t. 20000- 23000kgf /m 
a SP**25-30iim^«i:tt«W»Vifc3e>, « 

co 0 1 3] z.<r>ti^ rts#<&^>^&&<*r*^ 
a* «JBis©5fc£tfS:&*rr. 2ooookg/ / Bua* *sicd^> 

£tfsnjifc>*m-c*«. ceo*:*, &&u—mz# 
u »jM®MURjurr«&. Kmtto&mz&zm 

[0 0 14] K*«frjfrr*lctt* *^D-JHcfflRD 
U 600 'CSaASHia^^D^T^SWSMfiT 

£*a*-r<5o fox, tns*9ttMK:j;9. p^e^oD 

(3> nwUMMIttlcSMt (1000«Ctlf&) 



[0015] «*n-;Kort»ft»^r*#art 
(1) Fcco^e- 

Fc«»itf4*«mif*x?, ^>y$tonoooo -isooo kg/ 

JPCttttS&l*. Ti2*^<BFC(0@ft#«113O- 

[0 0 16] aTfc»*UVJ«^«ilH3e31ft*^T. 
C :2.5 -4.0 * 

C !K 2. SX^ttT 

ttMt^^ftVJ. — 3k 4.0 X£tt**£M«#iil 

S i : 0. 8 — 2. 5 % 

s i ttjRttatt*iM?«ffs;e&&:u 0. 8Kpfc*tm 

Mlftft^^-Cftft. — *, 2.5*£jB*S£&ifiat 

[0 0 17] Mn :0.2 —1.5 % 
Mn\Z&M<D&{t£mzS0>W*:Pi<ftm&&2>. 0.2 

1. 5*$jB**£#Kai|S< ft*. 
P, S : &*0.2 
30 P, S}ttffitm-c$>Z>1ttb4>tg.\,m£<, 0.2XETF 

[0 0 18] fi«£<0fc<zmi«3XMCfc£&8&, teSr 
tt******. 0.01X@&«JbCD^m*±fr£#fc^ 

N i : 3.0 %&Tf 

n i tt«»fls4:as»o»fl:a>fc*fc^r»Tr*«^ 3. o 

[0 0 19] Cr, Mo :fc*2.0 X&TF 
40 C r, \Lo\*^Q>mcfcmifilb*&. &&g*±m& 
ftsiflSS-B-*. WbWca>lt#>\z\%. o.i%«j;*fir 

[0 0 2 0] W, V, Nb : «ffT4.0 XfilT 
50 1, Ti.Zr, B£#tt*ft. cne>^7t^^^f3J« 
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UA~r*t>v co\zftm*tn&&{t-zi*:uw?, mz 

[0 0 2 1] FCttPiJiO^^ S^««l:Fe 

omm&f&mm&T&izm*?*. &vm&\mmvt\z 
^fctemmf&tfzz&oiz* *mmfr*><D&#mA*& 

C :2.5— 4.0%, S i : 0.8 —2.5 %, 10 

Mn :0.2 —1.5 %, P :0.2 %£*T, 

S : 0.2 %ETF, N 1 : 3.0 %£TF; 

C r : 2.0 %ETF, Mo : 2.0 %£CF, 

®zm&mzFe 

(2) D C I <D&£ 

DC I 1r> ^#15000 -19000 kg 

/mm* TifcD, MIBat>^^ J€£, ^C0H»W^ffi 

FCis^o, s*#n?&s&8e>, mz&zzm&*> 

ttiiLT&m'V&Zo ft. ^0559-52930 # 20 

&IFS59-52931 ^^{C^$nTV^<fc^tC, 
A h • t-Xrt-f (780 -900 t:) Kin 

200 -800 t/HrTlj^l, ^-X^^f 

3L?4 h -n-ty-i h<D2mm&mm£tez>o com* 
wvvwmwi. &®fe*<D®4k%j&\zmzmtiz>o 

{£&mw<DWit&f&m£isTft^tz&^. ft. Tm&f&o 

DC I CQKffiHmi30-1170 4 C-C&*. 
[0 0 2 2] JZT\Zft*l,^1^mZ2®fcW&*^-r. 30 
C :2.5M.0«, Si:1.3— 3.5%, 
Mn: 0.2 —1.5%, P :0.2%£TF, 
S : 0.2 %£TF, N i : 3.0 %£CF, 

C r : 2.0 %£CF, Mo : 2.0 %£TF> 

W, V, Nb : mftX4%£kT. Mg : 0.02-0.1 
%, 

m&*mm&*>mAi'fzco&£zfi&nmzF e 

Si, MgK^^^516ttFCtl^«(Ofc^ H 

<D=.&ft\z'z>^TmmT2>. 

[0023] si \*m®{£&m7t&-e&*. Dciai 40 
&<D&vtfc<Dtt*b* Mg a^rsns, Mg«^^i 

S i 1.3%J^±^T&So — -ft. 3.5%£j&;l 

&*rr5« ^©fius£#*fcfcK«o.o2%«±&®T?& 
[0024] ft, ^ji us^rrairuoDc 1 <D&mt£m 

&&&*i:mzW7£tZ>. 50 
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Si :1.3 -3.5 %, 
P :0.2 %£TF* 
N i :3.0 %ECF, 
Mo :2.0 %E*T, 



C :2.5 -4.0 %, 
Mn : 0.2 -1.5 %, 
S :0.2 
Cr :2.0 XKls 
Mg : 0.02-0.1 %, 
(3) SGS©«^ 

SGSteiT> ^#17000 —20000 kg/mm 2 tiSK, £ 

&ftx\tt<. *£fcf¥»^ 
b^U ^fct40ks/W &>±tmtLX 

T*So @*B» (TS^SGS0«^) «til 

70-1250t:tFC. DC ncJfc^T&ViCDT, ^BCO^ 

[0 0 2 5] ^TJCiff^bVijfl^WtRi^SaSr^-r. 
C : 1.0 —2.3%, SI:0.5— 3.0%, 
Mn : 0.2 —1.5%, P :0.2%£HF, 
S :0.2 %ETF, Nl :3.0 %E*T, 

Cr :2.0 %£TF, Mo :2.0 %£TF, 

W, V, Nb :£rfrT4.0 %E*T, 

a s ij^<D&ft&imm\*FC£mm<Dittb. z.<d 

-f&ft\z^-cWlW-?Z>o 

[0026] c\z&®*&&2'&z>t£*b\z&&x$>z. 

1.0%^T«H»(OSa«^Ctr<Vi. 2.3% 

^m^^^mmmnx. s n* 

mwitoitibiz&wv&z. 0. 5%^ssT«ni&®wtt 

®3I£fcO, 3.0%£jBA5<h»^Jffi<&*. 

ft, ^etc^-rsMosGso^^^m^^TiB 

[0 0 2 7] 

C : 1.0 —2.3%, S 1:0.5—3.0%, 

Mn:0.2-1.5%, P :0.2%£HF> 

S :0.2 %ETF, Ni :3.0 %£TF, . 

Cr : 2.0 %ETF> Mo :2.0 %£TF, 

mmmmzFe 

wz. ^mmtz^xmrnT*. *mm\*. *im<D&& 
&ft&tom\zmx^*<D*mzrz> z. tsraw^-ot 
itj^^sns^ -ene^ 5 b30kg/mm 2 nm&L±<D& 

«^^T»S« ^^S-TSi:, ^IttfSltO 
Si^H^*S. a^S&*ri>5, ^KS«tLT«TSJ 

m^cDS^fiiii (ad chs§tB) &frmx&z>o jb*t, 

C :1.0 -2.5 % 

C«^JS^±lCff^"rS^, 1. 0%^«T««@^^ii5 
<fcD, ^3&^F^4rtC^DSV^ 2.5%*MA 
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Si : 0.2 —3.0 % 

o.2%2tmT*m^z>ttm&mttT?2*r* 3.0% 

Mn : 0.2 —1.5 % 

m n ra^st*© y z z-Dvm* t m*vm& \z& -o x± 

N I : 4. 0 %&T 

A 3 <h fM J^IMir * t * K JUOHUMte CS<^ 
Cr, Mo : 4.0%£TF 

Cr, MofcW**3MsT*fMi#fc.5. U*U 4.0 
% £ £ <h fcttfcjftlf X o T^-T -5 J: 5 iCft 
3. 

W, V, Nb : mtXlZXSX? 

Jin e <z>7n3* tt^rawi^K &i«j±t sfe/a f tm t. ^ £ 

ft* JMNCAl. Tl, Zr, B&Strtte, £ 

-necD7C3j5$^*TlfeffT125K« 
Tin, Cot>^©^e > ^^jc?lAbT<S 

[0 0 2 8] *fflJg#<Z>j£#te, &>h<Dfa gg&l&HW 
iCFeT?^j«$n^ ft, P, S«^*fttrc&rK #St 

O^^^TfCiha&SflDdtj;^ $ % 

[0 0 2 9] 

C : 1.0 -2.5% , S!:0.2-iOX, 

Mn : 0.2 -1.5 % , P : 0.2 X«T* 

S : 0.2 %&LT* NI :4.0 

C r : 4.0 X&T, Mo : 4. 0 %&TF % 

®mmWWHZFe , 

«WtB, nitfti <*&S&) fcoWfc 1.0-2.5 

[oo3o] ftm<DmAnm&m<D&, *-*zr±^ h 
ftm&noox;u±\zt!QmLTbftm^<Dfcmn#m 
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t. cr. mo, w, v<Dmmifim<taz>&* -enri) 
2ini&<D7c*«:^®iDt>fi<«iA6n-6©T. stmt 

%ft\mm±<Dm&tz&{ttomii*m&zn\z< <, 
aumurc'e*. 

[0 0 3 1] £fc> *»Wfc«*+WJBJ4n-jKO«A 

[«]) . tom\z\ttti\zM.&5±&te3m<D&w&t! m 

[0 0 3 2] *56W©«r^n-;utt, gtfr, +gfcttn— 

20 nnmznm m&m tmwmmtsti** xu 

-&*«ftSn*. 0 3««m^L^ffig««*^UT^ 
?K *C?*««gffi^M4 tt@«Sn— ^5,5 JCfc^TIsrtg 

im«*r^^^4 -enjWKHbfeaR:, ^jp 

l<z)f^MM^c^ro®«»»Sr«?^i^T, ^hqjb3 

-eco^, ^@i <h*ra©3 ^cna-bfe* 

^4 &Sir$-a-, -ea>pQ*lc«ttSff»^0r>±S, 

ftKm&*ftft&m<»&m\z&m<D®temz±Tm'?z> 
XL®. G<D$m&%>r), tiftu—^^&mom'L^miz 

MF&J9$T80m (M*U<«55-70idh) SliTtt^S 

wmmiz^mmmom. iraxftionm^atr-stso 

mm (M*b<tt25— 40ma) ^Si^-So 

[0 0 3 3] H4ttliiar4>*»JftM**LT*0, 
JS^*»iiM^llco±TiSfctt±^l2. T^l3*t|a^ 

5tTenr^r3> e«fS«isrts-r-&^«i4fcN^>ttic» 
toizm&Zitis &&?i<Dftmx&miitomiz±ftistfft 
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[0 0 3 4] «^o-;V 
y*-f hitUSD 400- 650 , C*TCD^«* 100 
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